Korngold, L., Intern. Arch. AUergy Appl. Immunol., 23, 268 (1963) . "Giblett, E. R., Nature, 183, 192 (1959 16, 1964 Previous researches into the electrophysiology of color vision by means of analysis of color shift electroretinograms from fresh water turtles have been made.' Turtle retinas display a predominance of cones (color receptors) but there is a small rod population. Since rod activity is not related to color discrimination, electroretinograms taken in the blue-green light range, where rods are active, were not an exclusive representation of color receptor response. To obtain data in the blue-green light range from records free of obscuring rod activity, the experiments have been repeated with diurnal lizards, which have all-cone retinas.2 Procedures were those established in the original turtle experiments. ' The data presented here were taken from the electroretinograms obtained from more than thirty successful retinal preparations, using Sceloporus olivaceous and Using two beams with identical wavelength and a photocell, we adjusted the two beams at the same intensity. Then we adjusted the alignment of the shift apparatus so that we reduced the fluctuation during the shift, and no more than 2 or 3 per cent of the measured value of each beam occurred during the beam shift. The minimal differences explain the small excursion at shift in Figure la and 7.
In evaluating the best experiments certain facts are clear.
Methods.-Records were obtained from both species of Sceloporus and one good record from a collared lizard (Crotaphytus collaris).
The operative procedure, carried out in dim blue light, was to decapitate the dark-adapted lizard as quickly as possible; then to dissect the eye, cut off the lens, and mount the retinal half of the eye in a moist chamber.2
The light shift apparatus used with the turtle2 was found to have so much change of intensity during the beam shifting that we returned to the half-disk shutter described in reference 3. The constant wavelength beam was transmitted by an interference filter of a narrow band (Baird Associates), and the source of light was a tungsten ribbon regulated by a variac. The variable light was transmitted through a PerkinElmer Model 83 prism monochromator. A small pupil was used, so that a uniform light was admitted to exactly the same area with each color.
In The next five figures and tracings are from the best of our experiments, in which the light intensity fluctuation response was small enough not to confuse the shift responses. They are all taken from experiments in which the b-wave was much larger than the a-wave. In all of these experiments the upper graph is taken with filter A (647 mA). The lower graphs were made from a variety of filters. In the legends the wavelengths are indicated, and an arrow appears in the figure indicating the wavelength of the filter. In Figure 2 , three experiments were represented, two with filter A, and in the lower graphs, filters with peaks at approximately 580 and 540 mu. In Figure 6 , the individual points are not shown in the figure, but the averages are used to represent the curves of the several experiments. There is a good deal of scatter in the different experiments, but in a majority of them a plateau or shoulder in the curve appears between 550 and 580 m/A. It is clear that shift-responses occur between red and yellow and between red and green. It is also evident that shift responses occur between yellow and green. Blue light is very ineffective in the diurnal lizard retinas.
In Figure 5 , a very successful experiment was done on the retina of a collared lizard. In this case the retina maintained its vitality remarkably, so that we were able to obtain a large number of readings. The curve does not differ from the averages -of the curves obtained with Sceloporus.
-; Both lizards are of the diurnal type and -T~j ; both have all-cone retinas. Yellow oil -globules are seen, and the color of the oil -globules is the same in both.
l In three experiments in which a-waves were of approximately the same size as the b-waves we found that the a-wave was very small in the shift responses, whether we were using the same wavelength as a control or markedly different wavelengths. The b-waves increased greatly as the wavelengths became increasingly divergent.
From these experiments it is evident that the b-wave is a measure of the difference in wavelength, but the a-wave is not an indicator of color difference (Fig. 7) .
Discussion.-It is quite clear from the above data that diurnal lizards can distinguish between red, yellow, and green. The shoulder or plateau in many of the records corresponds quite closely with the peak of sensitivity of iodopsin, which occurs at 565 mA. This fact is probably significant as indicating that iodopsin is an important pigment in diurnal lizard retinas. The peak of sensitivity corresponds closely with the color of the oil globules.2 It is not yet clearly settled what part of the electroretinogram comes from what structures. There are indications suggesting that the a-wave is a receptor potential and that the b-wave is more closely related to the nervous elements in the retina.5 But if the a-wave arises from the cones in the lizard retina, and no shift response occurs in the a-wave, how can the nerve elements recognize color differences? Our observations show that the b-wave shift responses indicate recognition of color changes; so we conclude that the b-wave emanates in part from the receptors.
Summary.
- (1) The color discrimination was tested in the all-cone retinas of diurnal lizards by the shift response described in references 1 and 3. (2) The apparatus for color-shift was a modification of the original color-shift used with frogs. (3) The fixed color was obtained with an interference filter, and the variable color was provided from a monochromator. Six filters of different wavelengths were used. (4) The records show that there is discrimination between red and yellow, red and green, and yellow and green. In many records there is a shoulder between 560 and 580 mit, which corresponds to the maximum transmission wavelength range of iodopsin. (5) In retinas in which there were only a-waves, color shifts produce no response. This argues against the theory that the a-wave is a receptor response, unless the a-wave is affected by neutral components not functioning when the records were taken.
